There are many studies on change in blood sugar level after intravenous administration of glucose (Tunbridge & Allibone, 1940; Greville, 1943; Nonobe, 1952) , and the majority of them support the conclusion that blood sugar level decreases in the way of monomolecular reaction (Fishberg, 1930) , that is, the change is represented by an exponential curve expressed by a formula log y=-kt+c (y, blood sugar level; t, time; k and c, constant).
On the other hand, it has also been reported since early, that there are cases in which the change is represented by an atypical curve to which the above mentioned formula can not be applied.However, its significance and the mechanism of its development do not have drawn so much attention of workers.Previously, experiments on blood sugar curve with adult and young dogs were carried out and it was found that cases of the atypical curve are not so rare and that the type of the curve may depend on the state of some equilibrium of the metabolism, especially the endocrinological equilibrium (Takeuchi et al., 1957) . In the present experiments with rabbits was found out an interesting fact concerning the atypical blood sugar curve. Below are given the description of these experiments.
MATERIALS AND METHODS
Experimental animals: Thirty six white rabbits weighing about 2kg, 18 males and 18 females, were used. Each was fed with 300g of residue of bean curd and 100g of carrot once a day. They were maintained at room temperature.
After being bred under these conditions for a week and 20hours after the last feeding, the following experiments were carried out with them.
Glucose tolerance test: One g/kg of glucose in a 50% solution was injected in the left ear. Time length for the injection was fixed to one minute.
The bleeding was from the right ear vein made immediately before and at 3, 23, 43, 63, 83, 103, 123 20, 40, 50, 60, 80, 100 and 120minutes after the injection,bleeding was made from the right ear vein,and blood sugar level was measured. And the difference between the preinjection and the minimum level (mg%) divided with time (min.) necessary to attain the minimum level was designated as insulin sensitivity index.
2) According to the Kuzuya-Yakawa's modification of the Himsworth's method (Kuzuya & Yakawa,1952) , first the blood sugar curve was plotted after the intravenous injection of glucose were administered,and the curve obtained was compared with the first to investigate the effect of insulin. That is,the area (1) confined by the curves for the changes in 123minutes after the perfection of the single injection of glucose and of the concurrent injection of glucose and insulin is divided by the area(G)confined by the curve for the change in 83 minutes after the completion of the single injection and a horizontal line passing the point for the preinjection level,and this 1/G ratio was designated as the index.In both experiments 1 and 2, a solution of a commercial insulin product Isuzilin (Shimizu Co.) was used.
RESULTS
The mean blood glucose level for all cases,male rabbits,after the injection of 1g/kg of glucose into the ear vein, decreased extremely slightly compared with those for the man and the dog, as shown in Table 1 , and it took 2 hours to return to the pre-injection level. And linear regression was not established between the blood glucose level or its logarithm and the bleeding time, nor could be estimated any other simple functional relation between these. The standard deviations were relatively great at 3,63 and 83minutes after the injection,not supporting the uniformity of the distribution. In view of these results, the author investigated each cases individually, and according to the peculiarity of each curve form, classified them under four types, Table 1 . Blood sugar level after the intravenous injection of glucose I. Exponential type:To curves of this type can be applied a general formula for monomolecular reaction, log y=-kt+c.However, the k which denotes the falling rate was far smaller than hitherto reported with regard to the dog and the man, and it took 83 to 103 minutes in many cases to return to the preinjection level (Fig.1) II. Humped curve type: The part of the curve against shorter times after glucose injection descends along the exponential type curve, but the following part against 63 to 103 minutes evidently deviates upward from it, and then descends relatively steeply as low as the pre-injection level (Fig.2) III. Sigmoid type: The curve descends extremely gently from 3minutes to about 43minutes, then approximately along the exponential type curve (Fig.3  a) .
For cases which seem to belong to types II and III, time necessary for returning to the pre-injection level tended to be prolonged. Some curves which can be regarded to be of the sigmoid type. show an evident"humping"in the course of the descend, and these of the mixed type were classified under type II, the INTRAVENOUS TOLERANCE CURVE (Fig.4) . When all the observed cases were classified into these four types ( Table 4 , there was remarkable difference in 1/G ratio between the exponential and the humped curve type. And many cases of the humped curve type presented considerable irregularities after the simultaneous injection of 1 I.U.of regular insulin and 1g/kg of glucose, some showing humping. These, however, presented evident exponential curves when they were subcutaneously injected with 0.5 I. U. of zinc-protamin-insulin 20 hours before the test, and they closely resembled exponential curves obtained after the injecting 1g/kg of glucose together with insulin, scarcely any difference being observed between these in e-h as well as in c.
DISCUSSION
It has been reported that intravenous glucose tolerance curve is,generally viewed parabola,hyperbola (Tunbridge & Allibone, 1940) , or exponential curve (Greville, 1943; Nonobe, 1952) . At the same time, it has also been noticed since early, namely, by Opitz (1922) , by Jorgensen and Plum (1923) and by Ross (1937) that when viewed individually the curve presents many irregularities and can hardly be classified under none of the above mentioned. Tunbridge and Allibone(1940) found out of 92 human cases 11 of the humped curve type and 3 of the straight line type,and called these inclusively"atypical curve type."In the present experiments with rabbits,the humped curve type occupied half of the all cases,and this together with the sigmoid and the straight line type,that is,atypical curve type occupied as much as 3/4, and consequently it must be concluded that the typical glucose tolerance curve for the rabbit under the above mentioned condition is of the humped curve type. In the present experiments,as above mentioned,the fall rate of blood sugar value was greatly different from those reported by Tunbridge and Allibone(1940) for the man and by Takeuchi et al.(1957) for the dog,the time required to return to the pre-injection level being as twice in the others,and it is quite natural to assume that not only the frequency of the glucose tolerance curve type but also the metabolic mechanism by which the administered glucose is treated differs from animal to animal.However, so far as author's experiences with the rabbit concern it seems not adequate to designate all the other types than the exponential type inculsively as atypical.
According to Tunbridge and Allibone (1940) , Noltie reported that when a small amount of simultaneously injected with glucose into cases of atypical glucose tolerance curve it inhibited the presentation of such curve. In the present experiments, however,the exponential type was not always obtained after the simultaneous injection of 1 I. U.of insulin and 1g/kg of glucose, and the effect of insulin administration was uncertain upon rabbits which showed the humped curve type.The same was also observed with regard to 1/G ratio and insulin sensitivity index.However,when 0.5 I.U.of zinc-prolamin-insulin was subcutaneously injected into such animals on the previous day of the experiment, conspicuous effect of insulin was visible,and exponential curve was obtained. These facts seem to suggest that the type of the glucose tolerance curve is not directly dependent on the amount of insulin in circulation at the time of the 1) Eighteen male and 18 female rabbits were intravenously injected with glucose and curves representing change in blood sugar level were classified into 4 types-exponential,humped curve,sigmoid and straight line-the frequency of each type being investigated.It was found out that the humped curve type had the highest frequecy for the rabbit occurring in half of all the examined cases,and the exponential type only in 1/4. There was no difference by sex in the frequency.
2) Animals of the humped curve, the sigmoid and the straight line types tended to have lower insulin sensitivity.
3) The administration of insulin tended to transform all types other than the exponential one into this. This effect was more evidently demonstrated when zinc-protamin-insulin was subcutaneously injected 20hours before the glucose administration than when the regular insulin was given together with glucose.
